Delta-9-tetrahydrocannabinol (THC), the main psychoactive cannabinoid in cannabis, may inhibit the cytochrome P450 enzyme CYP2C9. Consequently, cannabis use might infer a risk of drug-drug interaction with substrates for this enzyme, which includes drugs known to have a narrow therapeutic window. In this study, we describe a case report of a 27-year-old man treated with warfarin due to mechanical heart valve replacement who presented with elevated international normalized ratio (INR) value (INR = 4.6) following recreational cannabis use.
| INTRODUCTION AND BACKGROUND
The use of cannabis for recreational purposes is considerable. 1 Further, medical use of cannabis is on the rise, as it has been proposed to provide some relief for pain disorders, vomiting and nausea. [2] [3] [4] Systematic assessment of the literature provides little guidance, with no or insufficient evidence for most pain conditions except for neuropathic pain. The evidence supporting the latter use remains unimpressive. 5 More positive, albeit still modest, effects have been seen in specialized use of cannabis for drug-resistant seizures in children with Dravet syndrome 6 and in the treatment of chemotherapy-induced vomiting and nausea. 7 A very recent paper described an US area-endemic incident of synthetic cannabinoids associated with many cases of bleeding. The authors suggested that these synthetic cannabinoids, manufactured specifically for abuse under uncontrolled conditions, may have been purposely contaminated with warfarin-like anticoagulants to potentiate effects of cannabinoids through inhibition of cytochrome P450. 8 However, as preparations containing cannabis are not widely marketed as conventional pharmaceutical drugs, safety data pertaining to medical remain insufficient. A potential safety issue of cannabis use is the risk of drug-drug interactions. In vitro studies have suggested that delta-9-tetrahydrocannabinol (THC), the main psychoactive cannabinoid in cannabis, may be a moderate inhibitor of the cytochrome P450 enzyme CYP2C9, 9 an enzyme known to play an important role in the elimination of several narrow therapeutic index drugs such as phenytoin and anticoagulants. 10 Warfarin consists of two stereoisomers: R-warfarin and S-warfarin. Both stereoisomers inhibit the vitamin K epoxide reductase complex, but S-warfarin is about five times more potent than R-warfarin. S-warfarin is metabolized via CYP2C9, and R-warfarin is predominantly metabolized via CYP3A4. 11 In vitro, the CYP2C9-mediated 7-hydroxylation of S-warfarin is inhibited by various cannabinoids with IC50 values between 2.29 and 4.81 μmol/L. 10 Consequently, the use of cannabinoids may increase the risk of bleeding during warfarin therapy.
With this study, we report a case of a patient with supratherapeutic international normalized ratio (INR) values during warfarin use potentially triggered by recreational cannabis use. Warfarin has a narrow therapeutic window, and even minor changes in the anticoagulation effect due to, for example, drug-drug interactions may increase the risk of bleeding episodes and/or thrombosis. The case report is supplemented by a review of the literature and a summation of the theoretical background for a potential drug-drug interaction between warfarin and cannabis.
| CASE DESCRIPTION
A 27-year-old man substance abuser was hospitalized due to aorta valve endocarditis. He was treated surgically with a mechanical valve and subsequently initiated stroke-prophylactic oral anticoagulant therapy with warfarin with a target range for INR of 2.5-3.5. During the very long admission, the patient was allowed a 24-hour leave from the hospital. On his return, the INR value had increased to 4.6. The patient had previously been abusing intravenous drugs, but stated that he had only smoked cannabis during the past months. He stated having smoked a lot more cannabis during the leave than in the weeks prior to admission. After the INR value returned to the treatment range, the patient went on a second 24-hour leave. Even though he admitted having smoked cannabis on this occasion as well, his INR did not increase above the desired range.
| MATERIALS AND METHODS
We conducted a literature search following the PRISMA guidelines for systematic reviews. A search string was 
| RESULTS
The selection process is illustrated in Figure 1 . The initial search revealed five articles on PubMed and 85 articles on EMBASE. All PubMed papers were duplicated in the EMBASE search. A screening of the initial 85 articles by titles and abstracts excluded 71 articles, because they were not relevant/off topic. Full-text screening excluded another 11 articles, as these did not have specific information on the potential interaction between warfarin and cannabis or did not contain original data. Finally, included articles were cross-referenced for additional original publications. No additional articles were found. The three included articles consist of one in vitro study and two case reports. Yamreudeewong et al reported on a 56-year-old man with multiple comorbidities (coronary artery disease with recent stent placement, mechanical valve replacement, peripheral vascular disease, seizure disorder and oesophageal reflux). 13 He had received stable warfarin therapy for 11 years and was co-treated with several other drugs (aspirin, carbamazepine, clopidogrel, furosemide, metoprolol, omeprazole, potassium chloride, sertraline, tramadol, valproic acid). On two occasions, the patient's INR increased suddenly to values above 10. Both episodes were associated with bleeding, and INR normalized in both cases following vitamin K administration. The patient was found to be adherent to his medication (all unchanged), had not had any dietary changes and did not use any new over-thecounter drugs or herbal products before, between or after any of the bleeding episodes. However, he reported having increased both his frequency and quantity of smoked marijuana from 1-2 joints per week (0.25-0.5 g/wk) to 4-5 joints (2.0-2.5 g/wk). 
| DISCUSSION
The evidence of a drug-herb interaction concerning cannabis and warfarin is sparse. Indeed, we only identified one in vitro study 12 and two case reports 11, 13 in our systematic search in two comprehensive bibliographic databases, PubMed and EMBASE. Collectively, these reports along with our own case study indicate that cannabinoids from smoking cannabis products increase INR values in patients receiving warfarin. In vitro studies substantiate these observations, as cannabinoids inhibit CYP2C9-mediated metabolism of S-warfarin at concentrations relevant to those obtained in abusers and recreational users of cannabis.
9,12
The cannabis plant is most often processed to three drug products, each of which may be ingested by smoking or eating: Dry leaves and flowers (herbal cannabis), pressed, dry resin or secretion (hash) and oil (hash oil). The plant contains several cannabinoids; however, there are three major constituents: delta-9-tetrahydrocannabinol (THC; the primary psychoactive cannabinoid), cannabidiol (CBD) and cannabinol (CBN). In dry plant marijuana preparations, the THC, CBD and CBN contents are approximately 4.5%, 0.4% and 0.3%. 12 In vitro data have demonstrated that THC is metabolized by CYP3A4 and CYP2C9 and that CBD is metabolized mainly by CYP3A4.
14 In 18 chronic cannabis users, the median plasma THC concentration measured within 24 hours of the latest recreational exposure to inhaled cannabinoids (ie, smoking a "joint") was 1.9 μg/L (~6.04 μmol/L), ranging from 0.5 to 9.0 μg/L. After 7 days of cannabis abstinence, THC was still detectable in 16 out of 18 participants, with a median plasma concentration of 1.1 μg/L (~3.5 μmol/L). 15 Thus, the plasma THC concentrations are clearly in the range of the THC IC50 values reported by Yamaori et al even after 7 days of abstinence, which supports the plausibility of a clinically relevant interaction between cannabis and warfarin. Yamreudeewong et al suggest that cannabis, beside inhibition of warfarin metabolism, also results in a transient minor reduction in the protein binding of warfarin. This would theoretically lead to displacement of warfarin from albumin causing a higher concentration of "unbound" warfarin subsequently potentiating the anticoagulant effect. 13 This is a faulty deduction. Drug interactions based on protein binding are of no relevance to high extraction, orally administered drugs such as warfarin. Additionally, the consequences of theoretical transient changes in unbound drug, as suggested, are irrelevant in the presence of significant pharmacokinetic-pharmacodynamic equilibrium time. 16 The recently introduced direct oral anticoagulants (dabigatran etexilate, rivaroxaban, apixaban and edoxaban) serve as treatment alternatives to warfarin in patients with nonvalvular atrial fibrillation and venous thromboembolism. While none of the direct oral anticoagulants are metabolized via CYP2C9, they are all substrates of P-glycoprotein, 17 which have been proposed to be induced by CBD. 18 Although the potential clinical significance thereof is undocumented, a pharmacokinetic interaction may, thus, also exist between cannabis and direct oral anticoagulants. In contrast to the past, cannabis is now, in several countries, available for patients and consumers by prescription and/or as over-the-counter drug. Hence, it is now both feasible and legal to investigate the in vivo consequence of co-administration of warfarin and standardized cannabis products. We suggest a classic interaction study, using a randomized or cross over design, where warfarin is the victim and cannabis the perpetrator drug. This will quantify the pharmacodynamics and kinetics and determine the magnitude of the interaction and thus shed light on the clinical relevance and impact thereof.
Cannabis use may inhibit CYP2C9 to an extent clinically relevant for patients receiving warfarin. We suggest such be strongly discouraged, and we suggest a clinical drug-drug interaction study to quantify the effect of cannabinoids on CYP2C9 activity.
